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4Modeling Thermal Protection Systems (TPS)
Simulation of surface temperature
for MSL heatshield
Macroscale Modeling
Full scale material response solvers, using 
volume-averaged techniques to solve 
conservation equations for ablation
Lachaud and Mansour, JTHT 2013
Microscale Modeling
Used to inform material properties and 




Collect X-ray images of the sample as 
you rotate it through 180°
Use this series of images to 
reconstruct the 3D object
Multiple anglesPenetrating power Courtesy of D. Parkinson (ALS)
Current Microscale Modeling
6
Ferguson, J. C., Panerai, F., Borner, A., & Mansour, N. N. (2018).   
PuMA: the Porous Microstructure Analysis software. SoftwareX, 7, 81-87.
https://software.nasa.gov/software/ARC-17920-1
Effective Thermal Conductivity
Challenges in Micro-scale modeling
7
Current modeling based on 
assumption that material 
constituents are isotropic
12- ply Woven 
TPS material
As NASA moves towards 




1. Extend the current formulation of thermal 
conductivity for anisotropic constituents
2. Evaluate suitability of numerical methods 
for anisotropic heat transfer
3. Implement the developed formulations in 
C++ to be integrated in PuMA









Homogeneous Anisotropic: Homogeneous Isotropic: 
Heterogeneous Isotropic: 
Problem Statement
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Finite Volume Method
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Flux in  =  Flux out
Multi-Point Flux Approximation (MPFA)
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• Integration carried out inside Control Volume (CV)




Multi-Point Flux Approximation (MPFA)
Simplified Enhanced Multi-Point Flux Approximation (eMPFA) 
Refined Simplified Enhanced Multi-Point 
Flux Approximation (ReMPFA) 
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Wenjuan Zhang, Computational Geoscience, 2017
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8<: 0, x <  Lcos(6cx) + 1,   L  x  L
0, x > L




























• Fiber tracking (ML, ray casting, flux vector…)
• Multigrid methods to accelerate convergence
• Validation on experimental data
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